This study asked whether a paper-and-pencil protocol can be used to study stimulus equivalence , and whether stimulus equivalence can emerge from conditional discriminations established by verbal instructions. The subjects were undergraduate university students . Of the 28 subjects who acquired the baseline relations defined by the wr itten instructions, 50% responded to those conditional relations as equivalence relations . Another 20 subjects who were not instructed in these baseline relations were probed in the same way, to examine the possibility that the subjects might inadvertently achieve a consistent pattern of responding that could be scored as stimulus equivalence despite the nonestablishment of the baseline relations . None of those subjects showed an equivalence pattern. These results demonstrate that stimulus equivalence classes can emerge in conditional relations quickly established by written instructions, and that the paper-and-pencil protocol can be used to study equivalence relations.
. Reflexivity is demonstrated when subjects match any stimulus of a prospective class to an identical stimulus without differential reinforcement. Symmetry is demonstrated when the roles of the sample and comparison stimuli in a match-to-sample discrimination can be reversed and still yield the same function: If A 1 controls 81, then 81 will control A 1 without differential reinforcement. Transitivity is seen in two interlocked discriminations: If A 1 controls 81 and 81 controls C1, then A 1 will control C1 without differential reinforcement. The symmetry of the transitivity property is of course a C1-to-A 1 match. Symmetric transitivity is often called equivalence on the premise that if it emerges, reflexivity, symmetry, and transitivity must be present, and it is increasingly used as a sufficient test for stimulus equivalence (Sidman, 1990; Sidman et aI., 1982; .
The match-to-sample procedure used to establish conditional relations in most of the current equivalence literature may be described as follows: A trial begins with the presentation of a sample stimulus. A response is then required to the sample stimulus to promote its discrimination. The sample response turns on two or more comparison stimuli. One matches the sample stimulus and the others do not. A response to the correct comparison stimulus then produces a reinforcer followed by an intertrial interval, whereas a response to a nonmatching comparison stimulus is followed directly by the intertrial interval without a reinforcer. Such trials are repeated until the desired matching performances are evoked at perfect or near-perfect levels.
This rather elaborate and rigorous training protocol was originally developed for research with pigeons (cf. Ferster, 1960; Skinner, 1950) and was later modified for use with young children and individuals with mental retardation (cf. Rosenberger, Stoddard, & Sidman, 1972; Sidman, 1971; Sidman & Stoddard, 1966) . However, subjects in much of the current equivalence literature are normal capable adults. Perhaps, for such intellectually and verbally sophisticated subjects, a less elaborate, more cost-effective training protocol would be sufficient.
To examine this possibility, the present study asked whether a paper-and-pencil format can be used to study stimulus equivalence, and whether stimulus equivalence can emerge from conditional discriminations established by written instructions. The materials incorporated (a) written instructions describing the experiment and this form of match-to-sample, (b) written instructions establishing by example four interconnected baseline discriminations, (c) some training trials in which the subjects could rehearse the instructed baseline discriminations, and finally (d) probes for the equivalence property of the relations established by the instructions-probes interspersed with other probes of the maintenance of the baseline relations.
The paper-and-pencil format was chosen for two reasons: First, it is cost-effective-a large number of subjects can be tested simultaneously and very quickly in this way, and with very cheap materials. Second, the paper-and-pencil format is used in many educational settings to teach and test complex verbal and cognitive skills. In fact, the combination of teaching through instructions, and testing the results in a paper-and-pencil format, is very typical of everyday education and training.
Method

Subjects
Participants in this study were 78 undergraduate university students. The subjects were recruited from introductory classes in behavior analysis and child development at the University of Kansas. The subjects were not paid and received no compensatory credits for participating in the research; they were asked for 30 minutes of class time as a contribution to the department's research, and none refused.
Materials and Procedure
The materials were matching-to-sample exercises presented in a paper-and-pencil format. The materials came in two assemblies, one incorporating instruction, training, and subsequent testing; the other incorporating identical testing without the prior instruction or training. These two assemblies of materials are referred to here as the training assembly and the nontraining assembly, respectively. The nontraining assembly allowed an assessment of the extent to which subjects might inadvertently achieve a consistent pattern of responding that could be scored as stimulus equivalence, despite the nonestablishment of the original relations of which these are possible properties. Occasional consistent responding of that form has been shown by Saunders, Saunders, Kirby, and Spradlin (1988) and by Wetherby, Karlan, and Spradlin (1983) . Figure 1 shows the training assembly as it was seen and marked by the subjects. The first page of the training assembly contained written instructions to the subjects describing the experiment and this form of match-to-sample. The second page of the training assembly established by example four baseline discriminations to serve as rules for the trials of this page and the following pages. These instructions were followed by 40 training trials during which the four instructed relations were present for visual inspection by the subjects, but the subjects were instructed to "memorize" the rules before completing the 40 trials. An additional page (page 4 of Figure 1 ) then presented 32 probes, 16 for the equivalence property of the relations established by the instructions, interspersed unpredictably with 16 probes of the maintenance of those original relations. During this test phase, the subjects no longer had access to the four original discriminations they had been instructed to memorize. Figure 2 shows the nontraining assembly as it was seen and marked by Page 1
You are about to playa matching game. The format of the game is called match-to-sample. Here is an example of the format:
The sample is the item to the left, in this example a G. Your task is to circle the one of the items to its right that you consider to be its match. In the absence of any other instructions, most people would circle the right-side G because it is identical to the sample, like this However, in this game, the relations between the sample and its correct match is determined by some ruJes. These rules are stated on the next page. You need to learn these rules before you can play this game. Please go on to the next page.
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Here are some rules. You need to memorize them:
( 1) and
(2) and A After having learned these relations, please complete the following exercises:
Page 4 Now complete the game by doing these matches:
Thank you for your cooperation. the subjects. The first page of the nontraining assembly presented written instructions to the subjects describing the experiment and this form of match-to-sample. Because it would not be followed by any instructions about the original relations, it asked the reader how the following probes might be answered in the absence of such instructions. The second page of the nontraining assembly presented probes identical to those presented in the training assembly.
To ensure that the original relations were established by instructions
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You are about to playa matching game. The fonnat of the game is called match-to-sample. Here is an example of the format:
G
The sample is the item to the left, in this example a G. Your task is to circle the one of the items to its right that you consider to be its match. In the absence of any other instructions, most people would circle the right-side G because it is identical to the sample, like this However, in this game, the relations between the sample and its correct match is not always one of identity. For example, how would you circle answers in the matches on the next page? Please go on to the next page.
Page 2 Now complete the game by doing these matches:
Thank you for your cooperation. Figure 2 . The nontraining assembly as it was seen and marked by the subjects. To assist the reader of this article, the symmetric-transitive probes have been written with lower case letters.
rather than by contingency shaping, no programmed consequences were ever given to subjects for correct or incorrect comparison choices, compliance with the instructions, or completing the task. Instruction (when appropriate) and testing were completed in one session lasting approximately 30 minutes.
Results
Training Assembly
Of the 58 subjects encountering the training assembly, 48% (28 subjects) responded correctly to at least 15 of the 16 probes of the instructed relations in the absence of the written instructions defining those relations. Of these 28 subjects, 50% (14 subjects) responded to at least 15 of the 16 symmetric-transitive probes correctly and thus showed that these relations had the properties of stimulus equivalence. Seven percent (2 subjects) showed a perfectly reversed performance on the symmetric-transitive probes (Le., responded incorrectly to at least 15 of the 16 symmetric-transitive probes), 14% (4 subjects) responded without any consistent pattern; another 14% (4 subjects) left more than 15 of the 16 symmetric-transitive probes unmarked; and finally, 14% (4 subjects) selected the same stimulus on all the symmetric-transitive probes.
The majority of the 30 subjects who failed to acquire the baseline discriminations (87%, 26 subjects) responded to those relations without any consistent pattern, responded to the baseline discriminations in a consistent manner but without forming two three-member stimulus classes, or left more than 15 of the 16 baseline probes unmarked. Of these 26 subjects, 25 responded inconsistently to the symmetrictransitive probes or failed to complete these probes. One subject, however, responded correctly to the symmetric-transitive probe, despite not having acquired the baseline relations.
The remaining four subjects who failed to acquire the baseline discriminations formed their own two three-member stimulus classes, and one of these four subjects responded to the conditional relations, which they had self-assigned as equivalence relations. One subject showed a perfectly reversed performance on the symmetric-transitive probes, and the remaining two subjects responded inconsistently.
Nontraining Assembly
Only 1 of the 20 subjects (5%) receiving the nontraining assembly was scored as having inadvertently acquired or self-assigned the original relations on at least 15 of the 16 times it was presented; and none of these 20 subjects inadvertently self-assigned the equivalence properties of these relations on at least 15 of the 16 opportunities to do so.
Fifteen percent (3 subjects) were scored as having formed two three-member stimulus classes, but none of these subjects responded to these relations as equivalence relations, or showed a perfectly reversed performance on those probes. The remaining 80% (16 subjects) responded to the relations without a consistent pattern ( 4 subjects), selected certain stimuli without forming two three-member classes (5 subjects), or left the probes unmarked (7 subjects).
Discussion
Of the subjects encountering the training assembly and responding correctly to the instructed baseline relations in the absence of the written instructions defining those relations, 50% responded to the symmetrictransitive probes correctly, and thus showed that these relations had the properties of stimulus equivalence.
The proportion of subjects displaying stimulus equivalence may seem low compared to other equivalence studies. However, the properties of stimulus equivalence are often slowly emergent, appearing only in the course of protracted probing for them. It is not unusual that only half of the subjects show an immediate equivalence pattern, and that additional subjects gradually acquire the properties of equivalence over the course of repeated testing (e.g., Devany, Hayes, & Nelson, 1986; Lazar, Davis-Lang, & Sanchez, 1984; Sidman, Kirk, & Willson-Morris, 1985; Sidman, Willson-Morris , & Kirk, 1986) . In the present experiment, only those who showed a relatively immediate stimulusequivalence pattern were scored as showing equivalence, in that there were only 16 successive opportunities (probes) in which symmetric transitivity could emerge, 15 of which had to be responded to in that way to allow scoring the entire performance as such. Subsequent studies might well examine the possibility of slower emergence in some subjects, thereby yielding a greater proportion finally displaying equivalence effects.
Subjects participating in equivalence research are typically given some form of task-related verbal instructions. These instructions range from a minimum of "touch the key" to more elaborate statements that label the stimuli or label the relations between the stimuli (e.g. , "When the [sample name] comes up, you push the button under the [comparison name)" [Saunders, Wachter, & Spradlin, 1988] ). Some instructions "interrelate" the tasks (Wulfert & Hayes, 1988) . Conceivably, such different instructions might differentially affect subsequent performance on equivalence probes, yet only a few investigators have examined this possibility (Green, Sigurdardottir, & Saunders, 1991; Sigurdardottir, Green, & Saunders, 1990; Wulfert, Dougher, & Greenway, 1991) . In the present study, the protocol for establishing the baseline relations was written. Because evidence of stimulus equivalence was found, the results of this study suggest that the properties of stimulus equivalence may emerge in conditional relations established by instructions.
The procedure for establishing baseline relations in the more traditional equivalence literature is largely a contingency-shaping procedure (requiring, of course, that the preexperimental verbal instructions are limited). In contrast, the conditional relations established in the present study were largely rule governed. Perhaps conditional relations that are contingency shaped differ in some respects from conditional relations that are rule governed. For example, is the proportion of subjects displaying stimUlus-equivalence effects different, depending on whether the baseline relations are rule governed or contingency shaped? The results of the present study do not answer this question, as the two different training protocols were not compared. Another interesting possibility is that conditional relations that are rule governed might be relatively insensitive to changes in reinforcement contingencies. If so, this insensitivity might affect how readily class expansion occurs, and the extent to which transfer of stimulus functions occurs across members of equivalence classes. These possibilities could be examined in future studies.
The present study invites a number of -concerns. The first pertains to the stimulus materials. The stimuli in this study were Roman letters, not the arbitrary geometric shapes or Greek letters typically used in equivalence research. Subsequent studies might well examine the possibility that a different proportion of subjects will display equivalence effects if the stimuli are arbitrary geometric shapes or Greek letters.
A second concern pertains to the number of stimulus classes.
Previous studies using normal subjects encountering baseline training with two three-member stimulus classes showed that a proportion of subjects who scored negative on the probes of stimulus equivalence show a perfect reversed performance on those probes (cf. Carrigan & Sidman, 1992; Saunders & Green, 1992) . In the present study perfectly reversed performance on the equivalence probes was observed only in a small minority (7%) of the subjects, suggesting that the stimulusequivalence effects observed in the symmetric-transitive probes were valid results of how the instructed baseline relations were established. A third concern pertains to the training procedure. Only half of the subjects who encountered the training assembly responded correctly to the instructed baseline relations in the absence of the written instructions defining those relations. However, the subjects were given only 40 trials to practice the instructed baseline relations, and no programmed consequences ever followed correct or incorrect responding. In the more traditional equivalence protocol, reinforcement is provided for correct responding , and training is continued until subjects have acquired the baseline relations, usually to a fairly stringent criterion. Future studies employing the paper-and-pencil format should perhaps continue rehearsal of the baseline relations for each subject until mastery, before probing for the properties of stimulus equivalence. Also, in the present study, it is not clear to what extent the training trials affected the rate at which the subjects acquired the baseline relations. Future studies could include another group of subjects who would encounter a training assembly containing the verbal instructions without the training trials.
The nontraining assembly allowed an assessment of the extent to which subjects might inadvertently achieve a consistent pattern of responding that could be scored as stimulus equivalence, despite the nonestablishment of the original relations of which these are possible properties. Occasional consistent responding of that form has been shown by and Wetherby et al. (1983) . Only 1 of the 20 subjects receiving the nontraining assembly was scored as having inadvertently acquired or self-assigned the original relations, and none of these 20 subjects inadvertently self-assigned the equivalence properties of these relations. This finding suggests strongly that the equivalence properties of the discriminations established by instructions in the training assembly were indeed valid results of how those discriminations were established.
The paper-and-pencil format used in this study implicitly allowed subjects to avoid answering the probes of equivalence. (No mention was ever made of not marking any match; but no instruction to mark every match was offered). Fourteen percent of the subjects receiving the training assembly consistently left more than 1 of the 16 symmetrictransitive probes unmarked, while correctly marking the probes of the original relations. This finding may suggest that some subjects, who show stimulus equivalence when being tested in a forced-choice format, would refrain from showing stimulus equivalence if they were given an alternate response option , such as "Don't know" or "Cannot answer." That possibility should be examined in future studies.
Obviously, the paper-and-pencil protocol used in this study differs substantially from the formats typically used in equivalence research. One potentially important difference may be that the paper-and-pencil protocol allows subjects to inspect the full set of trials and to change answers, whereas the traditional format presents one trial at a time. At present, the major advantage of the paper-and-pencil format lies in its cost-effectiveness and the fact that it resembles a format commonly used in everyday life (Eikeseth & Baer, in press ). If the paper-and-pencil format proves to yield generalizable results, this format provides a very simple and cost-effective protocol for studying stimulus equivalence in normal adults. In the present study, training and testing were completed in one session lasting only about 30 minutes.
